Spinal cord stimulation (SCS) has been described as a valuable neuromodulator procedure in the management of chronic medically untreated neuropathic pain. Although the use of this technique has been published in many papers, a question still remains regarding its applicability in pregnant patients. The goal of this paper is to discuss the risks, complications, and results as well as the prognosis of SCS in pregnant patients. We performed a systematic review from 1967 to 2018 using the databases MEDLINE, LILACS, SciELO, PubMed, and BIREME, utilizing language as selection criteria. Eighteen studies that met our criteria were found and tabulated. SCS is a reversible and adjustable surgical procedure, which results in patients that demonstrated a significant effect in the reduction of pain intensity in pregnant patients. The etiologies most frequent were complex regional pain and failed back pain syndromes, which together represented 94% of analyzed cases. The technical complications most frequent were lead migration (3%, n = 1). Regarding the risks, the authors did not show significative factors among the categorical variables that can suggest a teratogenicity, while the maternal risks have been associated to the consequences of technical complications due to, among other factors, improvement of abdominal pressure during pregnancy and delivery. Finally, although there are not significative cohorts of pregnant patients, the procedure is still an effective surgical approach of neuropathic pain associated to lower rates of complications and significative improvement in the quality of life of patients during pregnancy.
Introduction
The physiological and body changes of pregnancy associated to nonobstetrical painful conditions, preexisting or developed during pregnancy, imply in the significant reduction in the quality of life in these women. [1] [2] [3] [4] [5] [6] [7] [8] Although the pharmacological and surgical managements of pain have been shown a significant development, some considerations in pregnant patients, who complain of pain, such as the potential risk of teratogenicity and fetal toxicity of treatment, complications during pregnancy, and outcome of neonate and pregnant, remain as a lack in knowledge of this common complaint. Although the first description of spinal cord stimulation (SCS) had been performed in 1967 [9] and it has been estimated that higher than 12,000 SCS systems are sold every year in worldwide associated to many essays showing significant results in a wide range of pain disorders, [10] the first description of this technique in pregnant patients occurred only in 1999. [11] Therefore, the adequate surgical management of medically refractory neuropathic pain in pregnant patients performed by SCS system still has been described as a challenge.
This study aims to clarify the maternal and neonate risks, complications, and prognosis about the use of SCS in the treatment of chronic neuropathic pain during pregnancy described in the literature at the moment, emphasizing the results of SCS regarding the control of pain and teratogenicity of procedure.
Methods
Systematic bibliographical consultation was performed from 1967 (first description of SCS [9] ) to 2018, using as keywords "Spinal Cord Stimulation," "Pregnant," "Pregnancy," and "Pregnancy Outcome" on the databases MEDLINE, LILACS, SciELO, PubMed, and BIREME, utilizing language as selection criteria, choosing preferably recent articles in Portuguese, Spanish, or English and only articles based on clinical studies [ Figure 1 ].
Consideration in nonsurgical management of pain during pregnancy
Although the obstetric pain during pregnancy is a common complaint in pregnant patient, the nonobstetric pain has been described associated to higher rates of reduction in the quality of life in these patients. Among the nonobstetric pain, the migraine, musculoskeletal, pelvicoabdominal, rheumatologic, and neuropathic pain syndromes have been described commonly in the literature. [1, 7, [12] [13] [14] Currently, the management of neuropathic and other painful syndromes is based on the multidisciplinary team and occupational therapies are associated to pharmacological and surgical treatments. [1, 2, 7, 8, [15] [16] [17] [18] [19] Although most acute pain cases during pregnancy had treated fastly, the problem arises when pain does not present improvement and becomes chronic or when the patient with a history of chronic pain becomes pregnant implying in the use of therapeutic modalities in combination and consequently the increase in the teratogenicity and fetal toxicity, either because of the availability of safe drugs or because of lack of knowledge of the problem. [1, 2, 8] The teratogenic risks in the pharmacological treatment of pain have been estimated around from 2% to 3% of all birth defects, excluding the use of "social" drugs (mainly alcohol). [20] Although the actual recommendation is to restrict, in pregnant patients, the use of drugs unnecessarily, many authors have been described the high rates of pharmacological treatment, illicit and "social" drugs during pregnancy, mainly in the 1 st week in which the diagnosis of pregnancy is still unknown. [1, 7, [20] [21] [22] [23] [24] The teratogenicity and toxicity of drugs resulting in abnormal development of neonate can be different depending on the gestational week in that occurred the exposure. [20, 21] While the cardiovascular system has been described associated to teratogenic effects during the 3 rd and 4 th weeks of gestation, central nervous and skeletal system have been associated to defects in the exposure from the beginning of the 3 rd week to the end of pregnancy and into the neonatal period. [20, 21, 25] Finally, based on many studies with regard to the teratogenic effects and side effects of pharmacological treatment during pregnancy, it has been shown in the literature a significant enhancement in the surgical management of medically refractory pain in pregnant patients, among which the SCS has been gaining prominence (focus of the present essay).
Results
Eighteen studies composed by 25 pregnant patients and 32 pregnancies were included and were individually and comparatively analyzed in this systematic review [ Tables 1 and 2 ]. Based on these studies, the mean age of the patients at SCS system implantation and at pregnancy diagnosis was 30 ± 4.04 and 33.5 ± 4.0 years, respectively. Although 92% (n = 23/25) of the patients presented the SCS system implanted previously the pregnancy discovered, 8% (n = 1/25) presented the surgical implantation performed during the 1 st and 8 th week after the conception. [26, 27] Etiologically, the patients were affected by complex regional pain syndrome (CRPS) in 72% (n = 18/25) and failed back pain syndrome (FBSS) in 24% (n = 6/25) of patients, and in 4% (n = 1/25) of patients, the diagnosis adopted by the authors was a neuritis secondary to an unknown infection.
In the technical evaluation of SCS system implantation, by the way of topography of diseases, the leads were positioned in the cervical spine in 40% (n = 10/25) of patients and thoracic spine in 60% (n = 15/25) of cases, stressing that 8% (n = 2/25) of cases were underwent to cervical and thoracic leads implantation simultaneously. Regarding the implantable pulse generator (IPG), they were positioned in the upper buttock (UB) region in 36% (n = 9/25), anterior abdominal wall (AAW) in 24% (n = 6/25), and flank region in 12% (n = 3/25) of cases, and 28% (n = 7/25) of cases had been described without the data of IPG location of implantation. Finally, although this systematic review did not evaluate the parameter of stimulation, the authors showed that 79% (n = 26/33) of pregnancies were conducted with normal stimulation by system, while 21% (n = 7/33) of pregnancies were conducted with the system turn off during pregnancy.
The pain relief evaluation of cases was performed based on three criteria as follows: (1) complete pain relief, (2) pain relief higher than 50% of baseline, and (3) no pain relief. Although a complete pain relief was not shown in these cases, the pain relief is higher than 50% of baseline in 84% (n = 21/25) of patients and none effect in 4% (n = 1/25) of pregnant patients. Stressing that, 12% (n = 3/25) of these cases reported the reduction of pain intensity higher than 75% when compared with baseline.
During the prenatal and postnatal period, the absence of complications was shown in 70% (n = 22/32) and 94% (n = 30/32) of pregnancies, respectively. In the prenatal period, the intrauterine growth restriction (IUGR) was shown in 3% (n = 1/32), hardware malfunction in 3% (n = 1/32), systemic arterial hypertension (HAS) in 9% (n = 3/32), abortion in 9% (n = 3/32), and gestational diabetes (DMG) in 6% (n = 2/32) of pregnancies. Although the cases of abortion, DMG, and HAS presented these above-mentioned clinical conditions or history of complications during pregnancy, the development of foot drop and lead breakage in 3% (n = 1/32) of different pregnancies was presented as complication in the postnatal period.
In the analysis of delivery conditions, the pregnancies evolved to vaginal pathway is seen in 31% (n = 10/32) and cesarean in 12% (n = 14/32) of pregnants, although 15% (n = 5/32) of papers reported any data source. Regarding the neonate conditions, the full-term births were shown in 66% (n = 21/32) and the preterm births in 15% (n = 5/32) of pregnancies, although 9% (n = 3/32) of papers reported any of these data.
The outcome analysis showed maternal and neonate healthy in 100% (n = 32/32) and 88% (n = 28/33) of pregnancies, respectively. The authors observed, in the neonate outcome analysis, the presence of three miscarriages (9%, n = 3/33) and one report published without these data. Although the follow-up analyses showed a mean of 28.1 ± 21 months of evaluation, it was observed the absence of data in many of essays published in the literature (52%, n = 13).
Finally, the treatment associated was not adopted in 76% (n = 19) of cases, while 24% (n = 6) of patients adopted the pharmacological treatment associated to SCS. Regarding the epidural or oral pharmacological treatment adopted by these patients, the bupivacaine, fentanyl, epinephrine, bisoprolol, morphine, diazepam, tramadol, propranolol, mirtazapine, tramadol, buspirone, solifenacin succinate, mefenamic acid, ethyl loflazepate, sodium tianeptine, oxycodone, acetaminophen, and gabapentin were described in the literature for the treatment of these patients. Stressing that, 43% (n = 3/7) of SCS system disconnected adopted the pharmacological treatment as additional analgesic therapeutic.
Discussion
Based on the literature and author's experience, the evaluation of SCS effects during pregnancy of patients affected by neuropathic pain syndromes is still initial and controversial. The published essays had been based on individual descriptions of experiences [ Figure 2 ], and therefore, there is not any significative cohort of patients evaluated with categorical variables evaluated standardized, such as pain relief rates and significative meantime in follow-up, published in the literature at the moment.
In the literature, it has been described an increase in the number of patients affected by medically refractory neuropathic pain, whose actual prevalence has been estimated ranging from 6.9% to 8% in general population -stressing that 74% of these cases presented moderate-to-severe intensity and the neuropathic pain represents higher than 17% of patients' complaint with pain. [1, 2, 7, 8, [16] [17] [18] [19] To determine the cause of a pain is essential to effective management of it. [10, 18, 19] Regarding the etiology of neuropathic pain, the use of SCS has been described in cases of central deafferentation, central pain, phantom limb pain, causalgia, myelopathic pain, oncologic pain, lumbosacral fibrosis, postherpetic neuralgia, FBSS, CRPS, reflex sympathetic dystrophy, spinal cord or brainstem or brain injury, and other etiologies. [18, [28] [29] [30] [31] [32] [33] There are many different kinds of neuropathic pain and there is no reason to believe that one procedure will be superior in all conditions. [18] Based on this systematic review, the main etiologies that have been described in pregnant patients were the CRPS and FBSS. Nonpregnant and pregnant patients affected by CRPS and FBSS have demonstrated significant rates of success in pain control associated to a low rate of complications although the total pain control rarely was obtained through the use of SCS individually as therapy [ Tables 3 and 4 , adapted from Camporeze et al., 2017 . [18, Furthermore, this procedure has been described associated to a significant cost-effectiveness rates when compared the conventional pharmacological pain management. [18, [52] [53] [54] [55] [56] [57] [58] Although the IPG implantation has not been documented in around 30% (n = 7/25) of patients, the positions described in the literature were AAW, UB, and flanks. The authors suggest, based on the tabulated and analyzed descriptions in pregnant patients, that the side and implantation site did not show significant change in the rates of complications, pain relief, and both (maternal and neonate) outcomes. However, thinking in the esthetic appearance in postoperatory, the AWW implies in the higher visibility of SCS system components (IPG and extensor) with progression of pregnancy, and consequently, an esthetic discussion can be developed.
Although lasting complication rates SCS are very variable on this type of surgery [ Table 4 ], the presence of electrode breakage, electrode migration, battery or pulse generator failures, hardware malfunction, change of amplitude of pulse by bodily movements, unwanted stimulation, unsatisfactory positioning of the electrode or generator, urinary disturbs, paresthesiae in other body parts, cerebrospinal fluid leakage, subcutaneous hematomas, epidural hematomas, deep or superficial infections, aseptic meningitis, paralysis, spinal cord injury, headache, asthenia, dizziness, muscle spasms, and pain located at the incision, electrode, or receiver site are risks to be considered during and after the surgical act. [10, 18, 30, 31, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] In 2004, Cameron [10] summarized 20 years about the SCS applications, and consequently, it included data obtained from 51 papers comprising 2972 patients overall. This essay listed the complications and concluded that essential literature had described complications related to technical or biological plots. The battery or pulse generator failures, as well as electrode breakage and migration, are the most frequently described technical complications, as the similar results showed in the pregnant population. Provided that the most frequently reported biological complications are as follows: cerebrospinal fluid leakage, infections, and pain located at the incision, electrode, or receiver site. [10] It ought to be stressed that this paper described the paralysis and the electrode migration as the most serious and the most common complications of SCS, respectively. Moreover, this assessment showed that the majority of the complications were not life-threatening and could usually be resolved by removing or correcting the device by [28] 2007 100 FBSS 0% of patients 88% of patients 60 Olsson et al. [29] n -Number of patients; CRPS -Complex regional pain syndrome; FBSS -Failed back pain syndrome; SCS -Spinal cord stimulation another surgical approach, as shown in 8% (n = 2/25) of cases [35, 41] described in this review.
Regarding the obstetric and nontechnical complications during the SCS, the authors summarized 10 complications: three cases of miscarriages and HAS, two cases of DMG, as well as one description of IUGR and foot drop each. The cases of patients affected by HAS, miscarriages, and DMG presented previous obstetric and clinical history of these complications such that they are not suggestive of secondary complications during SCS. The IUGR and one of the miscarriages, although there are not any description correlating these complications with SCS, the pharmacological treatment, with classes C and D based on the FDA classification [ Table 5 ], [1, 7, 20, 43, [59] [60] [61] adopted by this patients [ Table 1 ] can be justified this teratogenic effect. However, the foot drop diagnosis during the postnatal outcome is associated with the absence of any pharmacological treatment, technical, obstetric, and clinical complications; it is suggestive of idiopathic disturb although the literature has not been clear about this association, as well as the multiple miscarriages shown in these patients.
Regarding the technical complications, during the SCS, although it is similar to nonpregnant patients [ Table 4 ], the lead breakage after the third vaginal birth without other complications described by Takeshima et al. [38] can suggest the increase of mechanical stress in the system. The presence of multiple pregnancies did not show as a categorical variable for the contraindication of implantation of system and continuous stimulation during pregnancy, although the individual analyses of clinical and obstetric conditions of patients are need once the mechanical stress in the system by increase in abdominal pressure during pregnancy and delivery has been described for few authors. [11, 26, 38] Another possible mechanism that can be associated to teratogenic effects and reduction in fertility is the chronic exposure to magnetism. [27, 36, 42, 62, 63] A well-structured prospective cohort study composed of 969 pregnant patients at <10 weeks of gestation was published by Li et al., [62] in 2002 that did not show an association between miscarriage risk and the average magnetic field level; however, they observed a miscarriage risk increased with an increasing level of maximum magnetic field exposure with a threshold around 16 mG (relative risk [RR]: 2.9, 95%, confidence interval [CI]: 1.6-5.3). The association was stronger for early miscarriages (10 weeks of gestation) (RR: 5.7, 95% CI: 2.1-15.7) and among women with multiple prior fetal losses or subfertility (RR: 4.0, 95% CI: 1.4-11.5). Therefore, more studies will need to perform aiming to Ethyl loflazepate associated the stimulation parameters of SCS and the miscarriage or teratogenic rates in pregnant patients, and the current recommendation is deactivation once the diagnosis of pregnancy is performed.
[36]
Conclusions
Based on literature and the authors' experience, SCS is an initial and controversial procedure that it has been suggesting positive results in the treatment of patients with medically refractory neuropathic pain. Although the total control of pain through the SCS had not been described commonly in general and pregnant population, because of its nonpharmacologic nature, this therapy is devoid of the frequent adverse, interactive effects, as well as teratogenic risks present in analgesic drugs polypharmacy in the vulnerable pregnant population.
However, although many of adults and pregnant patients have already been implanted with SCS, the inclusion of heterogeneous patient populations within the isolated case reports and highly uncontrolled protocols of stimulation and pain relief evaluation made it very difficult to analyze and compare the results. Therefore, significative clinical cohorts evaluating SCS in patients during pregnancy what would be for future necessary for an important source of data about this topic.
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